Introduction
============

Obesity results from a chronic imbalance between caloric intake and energy expenditure[@B1]. The prevalence of obesity has been increasing worldwide for the past 30 years, possibly because of increased caloric intake and decreased physical activity[@B2]. The increasing prevalence of pediatric obesity may be problematic because not only it increases the prevalence of, but also it can advance the age of onset of obesity-related chronic diseases such as type 2 diabetes and cardiovascular diseases[@B3][@B4]. According to the results of a cohort study in American Indians, the death rate before age 55 years from endogenous causes among children in the highest quartile of body mass index (BMI) was more than double that among children in the lowest BMI quartile[@B5].

As the prevention and early detection of childhood obesity is critically important for public health, pediatricians should pay attention to changes of adiposity indices in children and alert parents before the onset of obesity-related medical problems. BMI and waist circumference (WC) are commonly used parameters to define obesity and central adiposity. The threshold for increased cardiometabolic risks can differ according to gender and ethnicity, and lower BMI cutoffs are used for Asians, and the use of ethnicity and sex-specific WC cutoffs are recommended[@B6][@B7]. Both BMI and WC are highly age-dependent in children and adolescents, and clinicians must refer to tables to determine gender- and age-dependent cutoffs[@B8]. However, it is inconvenient to use tables for each patient in busy outpatient clinic settings, indicating the need for an adiposity index that is reliable but easier to use.

The waist-to-height ratio (WHtR), calculated by dividing WC by height, has recently gained attention as an anthropometric index for measuring central adiposity. WHtR is a more sensitive universal screening tool than BMI to detect health risks and is cheaper and easier to use[@B9][@B10]. It was suggested that a WHtR cutoff of 0.5 can be used in different sex and ethnic groups and that the same cutoff can be applied in children and adults[@B11]. The message \'keep your WC to less than half your height\' may be particularly useful for public health as well as in clinical settings[@B12].

This review article summarizes recent publications related to the usefulness of WHtR compared to that of BMI and WC, as a screening tool for obesity and related cardiovascular and metabolic risks, and recommends the use of WHtR in clinical practice for screening obesity in children and adolescents.

Limitations of currently used measures of adiposity
===================================================

1. Body mass index
------------------

Age- and sex-specific BMI percentiles have been used in the standard definition for child overweight and obesity worldwide[@B13]. However, BMI alone cannot distinguish individuals with excess body fat from those with high muscle mass and cannot reflect fat distribution[@B14]. Although BMI generally correlates well with other measures of adiposity and cardiometabolic risks, indices of abdominal obesity have been reported as better discriminators of cardiovascular risk factors, and the WC is used in the current definition of metabolic syndrome[@B7][@B15][@B16]. According to a large European prospective study that reported nearly 15,000 deaths among more than 350,000 subjects, WC was strongly associated with the risk of death after adjusting for BMI[@B17]. The additional use of WHtR can be helpful when screening for obesity based on BMI in adolescents, as WHtR represents central adiposity. In our recent study, among adolescents with BMI ≥85th percentile, metabolic syndrome was more common in those with a WHtR≥0.5 than in those with a WHtR\<0.5[@B18].

2. Waist circumference
----------------------

Although the WC is an excellent index for measuring central adiposity, tables for age- and sex-dependent WC cutoffs are required in children and adolescents[@B7][@B16]. An advantage of WHtR is that a single cutoff can be used and it does not require age-dependent cutoffs[@B11][@B19].

WC is a height-dependent variable, and taller children generally have a larger WC than shorter children. However, height is not taken into account when obesity is defined based on age-dependent WC percentiles[@B10]. The degree of central adiposity can be overestimated in tall children, whereas it can be underestimated in short children if it is defined only by age-dependent WC cutoffs[@B11]. Approximately 3% of adolescents with WC \<90th percentile had a WHtR of ≥0.5 and were significantly shorter compared to their low-WHtR counterparts, and the prevalence of multiple cardiometabolic risk factors was significantly higher in the WC \<90th percentile/WHtR ≥0.5 group compared to that in the WC \<90th percentile/WHtR \<0.5 group in our recent study[@B18]. In addition, 16.7% of adolescents with a WC ≥90th percentile had a WHtR of \<0.5 and were significantly taller compared to their high-WHtR counterparts, and the prevalence of metabolic syndrome was 7.4% in adolescents with WHtR \<0.5 and 19.4% in those with WHtR ≥0.5 among those with a WC ≥90th percentile[@B18]. Because the WHtR is adjusted for height, it appears to be useful for identifying individuals with cardiometabolic risk, even when used in combination with WC.

Moreover, the cardiometabolic risk may differ between people with the same WC but different heights. It was reported that taller populations have lower mortality from ischemic heart disease and stroke[@B20], whereas shorter people have higher metabolic risk than taller people with the same WC[@B21]. Schneider et al.[@B22] reported that short subjects were at a higher risk and had a 30% higher prevalence of metabolic syndrome than tall subjects when grouped by WC and not by WHtR, and suggested that WHtR rather than WC should be included in the definition of metabolic syndrome. Both height and central adiposity should be considered when identifying individuals at higher metabolic risk, and the WHtR appears to be the best alternative tool.

Correlation between WHtR and other adiposity indices
====================================================

The agreement between WC and WHtR was good in United States (US) children aged 6 years or older[@B23]. WHtR showed a high degree of concordance with percent body fat (calculated from measurements of skin fold thickness) in 6- to 14-year-old Spanish children[@B24]. The WHtR showed better results than WC and BMI (64% vs. 31% and 32%) for predicting percent body fat, measured by dual energy X-ray absorptiometry, in US children and adolescents aged 8--18 years[@B25]. However, a recent systemic review comparing measures of body fat in 7- to 10-year-old children reported that BMI and WC were strongly correlated with body fat as measured by bioelectrical impedance or skinfolds, whereas the WHtR showed a moderate positive correlation between body fat estimated by air-displacement plethymography[@B26].

Validity of WHtR for predicting cardiometabolic risks
=====================================================

1. Studies in adults
--------------------

According to a meta-analysis by Lee et al.[@B15] which included more than 88,000 adults mainly from Asian countries, WHtR was the best discriminator for hypertension, diabetes, and dyslipidemia in both sexes, whereas BMI was the poorest discriminator for cardiovascular risk factors. In another meta-analysis including more than 300,000 adults, the WHtR was superior compared to BMI and WC in identifying adults with cardiometabolic risks; WC improved the discrimination of adverse outcomes by 3% and WHtR improved discrimination by 4%--5% compared to that by BMI[@B11].

In a study of Korean adults based on the 'Korea National Health and Nutrition Examination Survey (KNHANES)' 2008--2011, WHtR showed better performance than BMI in predicting the presence of metabolic syndrome[@B27]. Kim et al.[@B28] reported that the area under the curve of WHtR was the highest, followed by WC and BMI, in identifying Korean adults with a 10-year Framingham coronary heart disease risk score of 20% or more, and they suggested the clinical use of WHtR as a marker for obesity.

A prospective study of body size and risk of stroke among more than 45,000 women below age 60 years showed that measures of abdominal obesity (WHtR\>WC) were strong predictors of stroke in the 11 years of follow-up, whereas BMI was not significantly associated with stroke[@B29]. In a prospective study of German adults followed up for 5--12 years, stronger associations were found between measures of abdominal obesity (such as WC and WHtR) and incident type 2 diabetes mellitus (DM) compared to that with BMI, and WHtR was the strongest predictor for the development of type 2 DM[@B30]. According to a study in which more than 16,000 male subjects were followed for 14 years and 32,000 female subjects for 5.5 years, WHtR showed the strongest association with cardiovascular disease compared with that by BMI and WC, although the differences were small and likely not clinically important[@B31].

2. Studies in children and adolescents
--------------------------------------

WHtR and BMI showed equivalent results in identifying high blood pressure (BP) in German adolescents[@B18], and BMI-for-age and WHtR showed similar ability in identifying US children aged 5--17 years with cardiovascular risk factors[@B32]. The WHtR and WC percentiles performed similarly to BMI percentile for discriminating elevated insulin and the clustering of risk factors in the HEALTHY study[@B33]. In 6- to 10-year-old children in Brazil, WHtR and BMI area under the curve (AUC) were similar for all cardiometabolic parameters[@B34], suggesting that WHtR has advantages such as its simplicity, although it may not be superior in discriminating higher metabolic risk in children and adolescents.

Both WC (\>90th percentile) and WHtR (\>0.5) were used to identify higher metabolic risk among 5- to 15-year-old overweight children classified using International Obesity Task Force BMI cutoffs[@B35]. According to a study in which overweight and obese children categorized based on the BMI percentiles were further stratified by WHtR, overweight and obese children with a WHtR \<0.5 had a cardiometabolic risk approaching that of subjects in a normal BMI percentile category[@B36]. An increased WHtR was significantly associated with an increased cardiometabolic risk, even in overweight and obese children, and the authors suggested that WHtR should be included in the routine screening and assessment of overweight and obese children[@B36].

Prospective studies are important, but enormous efforts are required to perform long-term prospective studies in children and adolescents, and thus few of these studies have been conducted. In an Australian cohort study, both BMI and WHtR measured during childhood were associated with cardiometabolic risk factors in adolescents, and a WHtR≥0.5 at 7--9 years increased the odds of having ≥3 cardiometabolic risk factors in boys by 4.6 (2.6--8.1)[@B37]. In a prospective study in the US, measures of central adiposity were better predictors of premature mortality than BMI, and those with a WHtR\>0.65 aged 12--39 years were at a 139% greater risk of death before age 55 years compared to those with a WHtR\<0.5[@B38]. These findings underscore the importance of obesity control in youths, particularly the early detection and intervention for those with central obesity. Recent publications the validity of WHtR in children and adolescents are summarized in [Table 1](#T1){ref-type="table"}.

Optimal WHtR cutoff
===================

1. Optimal cutoff in adults
---------------------------

According to a systemic review, the mean boundary values for WHtR covering all cardiometabolic outcomes from studies in 14 different countries and including Caucasian, Asian, and Central American subjects were 0.5 for both men and women[@B39]. In a recent study of Chinese adults, the optimal WHtR cutoff for the CVD cluster was 0.5; the upper boundary values of WHtR for detecting the risk factor cluster with specificity above 90% were 0.55 and 0.58 for men and women, respectively[@B40]. In a recent study based on KNHANES 2007--2010, the optimal WHtR cutoff points for identifying those with high coronary heart disease risk were 0.50 and 0.52 in Korean men and women, respectively[@B28].

2. Optimal cutoff in children
-----------------------------

A WHtR cutoff of 0.5 has been suggested as a universal cutoff in children as well as in adults[@B10]. Although it seems that the WHtR is less dependent on age and sex, small variance may present according to ethnic backgrounds. According to a study in New Zealand children aged 5--14 years, although a WHtR\>0.5 was more common in Pacific and Maori children than in those of other ethnicities and ethnicity influenced the relationship between BMI and WHtR, the differences were clinically insignificant and WHtR values for a given BMI were similar (WHtR of 0.47 in Maori, 0.46 in Pacific, and 0.48 in European boys at the 85th percentile)[@B41].

The WHtR cutoff of 0.5 showed very good agreement with age- and sex-specific WHtR 90th percentiles in German adolescents[@B18]. However, sex- and ethnicity-specific WHtR cutoff values may improve sensitivity and specificity for identifying those at higher metabolic risk. In Korean children aged 6--18 years, the WHtR cutoffs for overweight (85th percentile≤BMI\<95th percentile) were 0.48 in boys and 0.47 in girls and those for obesity (BMI≥95 percentile) were 0.51 in boys and 0.49 in girls[@B42]. In Chinese children aged 7--17 years, the optimal WHtR cutoffs for identifying those with general and central obesity were 0.47 in boys and 0.45 in girls[@B43].

Different criteria and study methods may also increase the variance in optimal cutoffs between studies, and caution should be used when interpreting different study results. A WHtR cutoff of \>0.47 was sensitive for screening insulin resistance (Homeostatic Model of Assessment-Insulin Resistance\>2.5) and any cardiometabolic risk factors (low density lipoprotein-cholesterol≥ 100 mg/dL, high density lipoprotein \[HDL\]-cholesterol\<45 mg/dL, triglycerides≥100 mg/dL, or BP\>90th percentile) in 6- to 10-year-old Brazilian children[@B34], whereas a WHtR cutoff of 0.59 was suggested as a predictor of metabolic syndrome (≥3 risk factors among WC≥90th percentile, glucose≥110 mg/dL, HDL-cholesterol \<40 mg/dL, triglycerides≥110 mg/dL, or systolic or diastolic BP≥90th percentile) in 6- to 12-year-old Mexican children[@B44].

Thus, a higher WHtR cutoff (0.6 or 0.65) may be useful in high-risk populations to identify individuals with even higher cardiometabolic risk[@B36][@B38][@B45]. A WHtR\>0.6 was linked to a higher risk of metabolic syndrome and prediabetes among obese Italian children and adolescents[@B46], and those with WHtR\>0.65 at age 12--39 years were at a 139% greater risk of death before age 55 years than those with a WHR\<0.5[@B38].

Limitations and controversies
=============================

1. Use of WHtR in infants and preschool children
------------------------------------------------

The relationship between WHtR and other obesity indices or cardiometabolic risk factors in younger children have not been validated, and the routine use of WHtR in children under age 6 years cannot be recommended. The agreement between the WC 90th percentile versus WHtR cutoff of 0.5 was poor for 2- to 5-year-olds in the US, and a WHtR cutoff of 0.5 may overestimate central obesity in very young children[@B23]. WHtR significantly decreased with age in Korean children, and values were more age-dependent in the 2- to 5-year-old age group[@B42]. In Dutch children aged 3--7 years, WHtR was not superior compared to BMI or WC in estimating body fat; the correlation of WHtR with cardiometabolic risk factors was not better than that of WC or BMI in overweight/obese children[@B47].

2. Methodology for WC measurements
----------------------------------

It was reported that the reliability of WC measurement is lower than that of weight and height measurement, and WC showed significant interobserver differences[@B48]. It is essential to standardize the methodology in order to decrease measurement error, and acceptable intra- and interobserver agreement can be achieved by training the participating staff[@B49].

Different techniques for conducting WC measurements may result in different WC and WHtR values. WC should be measured using plastic or metal tape in the standing position over bare skin or light undergarments. It is most commonly measured at the narrowest part of the trunk, but can be measured at the midpoint, umbilicus, or iliac crest level. A systematic review of 120 studies suggested that the WC measurement protocol has no substantial influence on the association between mortality, CVD, and diabetes[@B50].

Conclusions
===========

WHtR is a reliable, easy-to-use, and less age-dependent index for identifying children and adolescents with increased cardiometabolic risk related to central adiposity. A WHtR cutoff of 0.5 is generally accepted as a universal cutoff for central obesity in children aged ≥6 years as well as in adults. However, the WHtR has not been validated in infants and preschool children. Even in older children, sex- and ethnicity-specific WHtR cutoffs may improve sensitivity and specificity for identifying those at higher metabolic risk. The additional use of WHtR with BMI or WC also appears to be helpful for screening those with higher cardiometabolic risk. Most recent studies now include the WHtR as a major adiposity index, regarding it as a validated and universal index of central adiposity[@B51][@B52][@B53].

Prospective studies and meta-analyses of adults have revealed that the WHtR is equivalent to or slightly better than WC and superior to BMI in predicting higher cardiometabolic risk. Studies in children and adolescents showed that WHtR is similar to both BMI and WC for identifying those with increased cardiometabolic risk. Additional large-scale prospective studies are needed to confirm the usefulness of WHtR for predicting comorbidities of obesity in children and adolescents.
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###### Summary of recent publications evaluating the validity of WHtR in children and adolescents
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  Study design (year)                                    Age (yr)   No. (M:F)                                          Country           Outcomes                                                                                                                              Results                                                                                                                                                                                                                                                                                                                                                                                                                                   Reference
  ------------------------------------------------------ ---------- -------------------------------------------------- ----------------- ------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -----------------------------------------
  Cross--sectional (2007--2008)                          6--14      2,319 (1,158:1,161)                                Spain             Percent body fat (calculated from skin fold thickness measurements)                                                                   High degree of concordance between WHtR and percent body fat                                                                                                                                                                                                                                                                                                                                                                              Marrodán et al.[@B24] (2014)
  Cross--sectional (2003--2004)                          8--18      2,339 (1,221:1,118)                                USA               Percent body fat (by DEXA)                                                                                                            WHtR better than WC and BMI (64% vs. 31% and 32%) in predicting percent body fat                                                                                                                                                                                                                                                                                                                                                          Brambilla et al.[@B25](2013)
  Cross--sectional (2006--2011)                          3--7       136 (50:86)                                        The Netherlands   Percent body fat (by ^2^H~2~O and ^2^H~2~^18^O isotope dilution, bioelectrical impedance), cardiometabolic risk factors               WHtR was not superior to BMI or WC in estimating body fat, nor was WHtR better correlated with cardiometabolic risk factors than WC or BMI in overweight/obese children                                                                                                                                                                                                                                                                   Sijtsma et al.[@B47] (2014)
  Cross--sectional (2003--2006)                          11--17     6,813 (3,492:3,321)                                Germany           WHtR 90P for age, hypertension (BP \>90P)                                                                                             Very good agreement between WHtR 0.5 vs. WHtR 90P, WHtR and BMI equivalent in identifying hypertension                                                                                                                                                                                                                                                                                                                                    Kromeyer-Hauschild et al.[@B19] (2013)
  Cross--sectional (2006)                                10--13     6,097 (2,092:3,195)                                USA               Elevated insulin and clustering of ≥3 risk factors (among glucose, total cholesterol, BP, triglycerides, LDL-C, HDL-C, and insulin)   WtHR and WC percentile performed similarly (not superior) to BMI percentile for discriminating elevated insulin and clustering of risk factors                                                                                                                                                                                                                                                                                            Bauer et al.[@B33] (2015)
  Cross--sectional (2006--2008)                          6--10      175 (88:77), including 87 overweight or obese      Brazil            Insulin resistance (HOMA-IR \>2.5), any risk factors (LDL-C ≥100 mg/dL, HDL-C \<45 mg/dL, TG ≥100 mg/dL or BP\>90P)                   BMI and WHtR AUC similar for all cardiometabolic risk factors, WHtR \>0.47 sensitive for screening insulin resistance and any of the cardiometabolic risk factors                                                                                                                                                                                                                                                                         Kuba et al.[@B34] (2013)
  Cross--sectional (2010)                                7--17      16,914 (8,843:8,071)                               China             General obesity (by BMI), central obesity (by WC), metabolic syndrome (≥3 risk factors)                                               Optimal WHtR cutoff 0.47 in boys, 0.45 in girls for identifying general obesity and central obesity, Sensitivity 85.8 %/specificity 82.5% in boys and Sensitivity 86.4%/specificity 81.2% for identifying metabolic syndrome                                                                                                                                                                                                              Zhou et al.[@B43] (2014)
  Cross--sectional (1998--2008)                          4--17      1,080 (513:567)                                    Italia            Metabolic syndrome (≥3 risk factors), prediabetes (IFG or IGT by OGTT)                                                                WHtR\>0.6 linked to higher risk for metabolic syndrome and prediabetes in obese subjectts (BMI \>95P)                                                                                                                                                                                                                                                                                                                                     Santoro et al.[@B46] (2013)
  Cross--sectional (2010)                                6--12      236 (102:134), including 214 overweight or obese   Mexico            Metabolic syndrome (≥3 risk factors)                                                                                                  WHtR and WC AUC similar for predicting metabolic syndrome, WHtR cutoff of 0.59 as a predictor of metabolic syndrome (sensitivity 81.8%/specificity 78.5%); WHtR \>0.50 shows low specificity (sensitivity 100%/specificity 22.7%)                                                                                                                                                                                                         Elizondo-Montemayor et al.[@B44] (2011)
  Cross--sectional (2008--2012)                          8--16      110 (48:62)                                        Mexico            Metabolic syndrome (≥3 risk factors)                                                                                                  BMI percentile: AUC 0.651 (*P*=0.008) and cutoff \>99P, WC: AUC 0.704 (*P*\<0.001), cutoff ≥90 cm, WHtR: AUC 0.652 (*P*=0.008) and cutoff ≥0.60 for predicting MS                                                                                                                                                                                                                                                                         Rodea-Montero et al.[@B45] (2014)
  Cross--sectional (1999--2008)                          5--18      14,193 (7,280:6,913)                               USA               lipid profiles, CRP, liver transaminases, BP\>90 P, and metabolic syndrome (≥3 risk factors)                                          BMI ≥85P with a WHtR \<0.5 had a cardiometabolic risk approaching that of subjects with BMI \<85P, Increasing WHtR significantly associated with in- creased cardiometabolic risk in subjects with BMI ≥85P, with the greatest associations in those with BMI ≥95P                                                                                                                                                                        Khoury et al.[@B36] (2013)
  Cross--sectional (1998--2008)                          10--19     4,068 (2,139:1,929)                                Korea             ≥2 Risk factors (among glucose, triglycerides, HDL-C, SBP≥130 or DBP≥80), Metabolic syndrome (WC 90P + ≥2 risk factors                Metabolic syndrome more common in adolescents with BMI≥85P/WHtR ≥0.5 than in those with BMI≥85P/WHtR\<0.5; prevalence of ≥2 risk factors higher in those with BMI\<85P/WHtR≥0.5 than in those with BMI\<85P/WHtR\<0.5; metabolic syndrome more common in adolescents with WC≥90P/WHtR\<0.5 than in those with WC≥90P/WHtR≥0.5; prevalence of ≥2 risk factors higher in those with WC\<90P/WHtR≥0.5 than in those with WC\<90P/WHtR\<0.5   Chung et al.[@B18] (2016)
  Cross--sectional and prospective cohort (1998--2007)   7--15      2,710 (1,317:1,393)                                Australia         ≥3 Risk factors (among triglycerides, LDL-C, HDL-C, insulin, glucose, SBP and DBP)                                                    Both BMI and WHtR measured at age 7-9 were associated with cardiometabolic risk factors at age 15, WHtR ≥0.5 at age 7-9 increased the odds by 4.6 (2.6-8.1) of having ≥3 risk factors at age 15 in boys                                                                                                                                                                                                                                   Graves et al.[@B37] (2014)
  Prospective (1988--2006)                               12--39     9,245 (4,585:4,660)                                USA               Death before age 55                                                                                                                   Measures of central adiposity were better predictors of premature mortality than BMI; current smokers at 86% greater risk than never smokers; those with WHtR \>0.65 at 139% greater risk than those with WHR \<0.5; those with HbA1c \>6.5% were at 281% greater risk than those with HbA1c \<5.7%.                                                                                                                                      Saydah et al.[@B38] (2013)

WHtR, waist-to-height ratio; DEXA, dual energy X-ray absorptiometry; WC, waist circumference; BMI, body mass index; BP, blood pressure; 90P, 90th percentile; LDL-C, low density lipoprotein-cholesterol; HDL-C, high density lipoprotein-cholesterol; HOMA-IR, homeostatic model of assessment-insulin resistance; TG, triglycerides; AUC, area under the curve; CRP, C-reactive protein; IFG, impaired fasting glucose; IGT, impaired glucose tolerance; OGTT, oral glucose tolerance test; DBP, diastolic blood pressure; SBP, systolic blood pressure; HbA1c, glycosylated hemoglobin.
